We analysed calcium, magnesium, oxalate, citrate, urate and creatinine in urine and calculated risk factors in patients who had formed stones composed of calcium oxalate, and calcium phosphate, alone or as a mixture. Patients producing
pure calcium oxalate stones « 0·1 0J0 phosphate) had a higher oxalate, and lower calcium excretion than stone-free subjects and patients forming other stone types. In contrast, patients producing calcium oxalate stones containing phosphate, even in trace amounts (> O· 10J0) had no increase in oxalate excretion, but a higher calcium excretion than stone-free subjects. We could not correlate any computed variable (e.g. AP(CaOx) index) to stone composition.
We conclude that pure CaOx stones may be the result of a high oxalate excretion, and that other calcium containing stones may have another and probably more complex aetiology, including primary precipitation of calcium phosphates.
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Urinary stone formation is considered to be determined by a combination of supersaturation and activity of promoters and inhibitors. 1.2 Calcium oxalate (CaOx) is the main component in more than 501170 of all renal stones] and the vast majority of stones contain either CaOx or mixtures of CaOx and calcium phosphates (CaP). If less sensitive methods are used for stone analysis many are judged as 'pure' CaOx, despite the fact that CaP might constitute as much as 201170 of the total weight. 4 We used a wet-chemical method for analysis of urinary stones.' Preliminary studies showed that small stones ( < 1 mg) contained surprisingly large fractions of CaP. 6 In order to evaluate the significance of trace amounts of phosphate in CaOx-containing stones, we analysed the urine composition of patients who had formed stones with various amounts of CaOx and CaP.
MATERIAL AND METHODS

Patients
Patients were classified according to the result of wet chemical analysis (Table 1) 
.5 Only male
Correspondence: Dr Sten Ohman. patients with data available on their urine composition were considered. They all had a normal renal function as judged from serum creatinine. Patients and normal subjects ate their ordinary diet during the urine collection period, and they were instructed in the method of collection in order to avoid errors in urine volume. Stones were passed spontaneously or removed by surgery before or after the collection period.
No selection of patients was made; they were taken consecutively from the stone analysis record. For each patient, all stones analysed were considered for the study.
Urinary stone and urine analysis
Details on the wet-chemical method for stone analysis have been published.' After drying and pulverizing the stone, 5 mg of the material was dissolved in concentrated HNO]. After dilution, calcium and magnesium were determined by atomic absorption spectrophotometry, ammonium and phosphate with the Berthelot and phosphomolybdate methods, and oxalate by quenching of the fluorescence of a zirconiumflavonol complex. Uric acid is decomposed to alloxan by HNO], and was determined flourimetrically with 1,2-phenylenediamine. Cystine 
was determined turbidimetrically as total sulphur using Ba 2 + , and protein by the xanthoprotein reaction.
Urine sampling and analysis have been described in detail previously." Two 24 h samples were collected on consecutive days. The first sample (containing HCl as additive) was analysed for calcium (Ca), magnesium (Mg), oxalate (Ox), and creatinine (Cre), and the other (without additive) for citrate (Cit), urate, and creatinine. Urinary calcium and magnesium were determined by atomic absorption spectrophotometry, oxalate and citrate with colorimetry.
Urine composition was expressed in terms of excretion (mmol/24 h), and concentration (mmol/L). Urine volume (V) was expressed in L124 h. Different quotients and other computed variables (see Table 4 ) were calculated.K,9
Statistical methods In this study many variables were compared, and one cannot assume all of them to be similarly distributed (e.g. Gaussian, log Gaussian). In order to apply the same statistical method to all comparisons, a non-parametric test (Wilcoxon's two-sample rank or Mann-Whitney test) was used. IO This test gives the same significance levels for continuous distributions of any shape.!? For the same reason, median values are reported together with the conventional mean ±SD information. Tables 2-4 . All groups were compared with respect to all variables (Tables 2-4 ) and with significant differences in urine composition between groups as described below. All urine variables (Tables 2-4) were examined for statistical differences between groups. Comparisons of variables not mentioned in the text, were found to beinsignificant.
RESULTS
Urine variables are summarized in
Calcium
Both the excretion (P<O'OOI) and concentration (P< O' 01) of calcium were significantly higher in urine from the Mix group than from normal subjects. The excretion but not the concentration was higher (P<O'OI) in the Trace-P group. The calcium excretion in the CaOx group was lower than in the Mix group (P<O·OOl), but not significantly lower than in the Trace-P group. The same was true for the calcium concentration 
Magnesium
The Mix group had higher excretion of magnesium than both normal subjects (P<0'05) and patients in the CaOx-group (P<0·05).
Oxalate
The CaOx-group had higher excretion of oxalate than normal subjects (P<O·OI). as well as patients in the Mix group (P<0·05). and the Trace-P group (P<O·OI).
In terms of concentration. the CaOx-group had higher values for oxalate than the Mix (P<O·OI). and the Trace-P groups (P<O·05). It is noteworthy that normal subjects had higher concentrations of oxalate than patients in both the Mix group (P<O'05) and Trace-P group (P<O·05).
Urate
No significant differences in urate excretion were found. Normal subjects had higher concentrations of urate than patients (P< O' 05).
Citrate
The CaOx group had a lower concentration of citrate than normal subjects (P<O'OOI) and the Trace-P group (P<O·05). Normal subjects also had a higher concentration than the Mix group (P<O·OI). (P<O·OI) . and the CaOxgroups (P<O·05).
Urine volume Normal subjects had smaller urine volumes than patients in the Mix
Ca/Mg-quotient The Mix group had higher Ca/Mg-quotients than normal subjects (P<O·OOI). the Trace-P group (P<0'05) , and the CaOx-group (P<O·05).
AP(CaOx) index
No significant differences between groups were observed with respect to AP(CaOx) index.
DISCUSSION
Only a few attempts have been made to correlate the composition of urine with that of renal stones.s-!' Beside CaOx (whewellite and weddelite), most stones in industrialized countries contain various amounts of CaP (apatite, brushite, and probably octacalcium phosphate and whitlockitej.t-"
The cut-off limits (Table 1) between the CaOx, Trace-P, and Mix groups were set according to the detection limits for phosphate in urinary stones. Our wet chemical method has very low (0'1 weight per cent) detection limit for phosphate, and consequently pure CaOx stones are rare in our records. Using other techniques, e.g. IR spectroscopy, X-ray crystallography, and semi-quantitative methods, detection limits between 10010 and 20% are achieved, and hence 'pure' CaOx stones are more frequently reported.t-'?
We found that patients who form pure CaOx stones have both a higher excretion and concentration of oxalate than the other groups. This fact, together with a low calcium excretion in this group is in accordance with theoretical studies'! that such stones might be formed by primary crystallization of CaOx.
In contrast to patients forming pure CaOx stones, patients forming CaOx stones mixed with trace amounts of CaP had a high excretion of calcium but not of oxalate. Reports evaluating urinary risk factors!' by correlation with stone composition may therefore under-estimate calcium as a risk factor unless a sensitive phosphate method is used for the stone analysis.
We also studied the correlation between stone composition (mole fraction of CaP and CaOx) and urine variables. These studies did not, however, add any important information.
A heterogenous crystallization of CaOx on CaP has been proposed by several authors. 6 , 13-15 Metastable supersaturation of urine with respect to CaOx is known to occur frequently in normal subjects as well as in stone-formers. This does not normally result in calcium oxalate crystallization, unless some facilitating factor is present. 13 Thus formation of CaP might be a critical risk factor for stone formation. It is probable that recently precipitated CaP contains crystals with a high number of dislocations and probably also amorphous regions. Crystal domains locally resembling brushite and octa calcium phosphate may be present, eventually recrystallizing to apatite (e.g. hydroxyapatite) which is the thermodynamically most stable form;" It is likely that such CaP crystal phases have a better nucleating capacity for calcium oxalate than well-defined crystals.
The solubility of CaP is highly dependent on pH. 17 Therefore, urines with a pH above 6 might be at risk of CaP precipitation. In a recent study" CaP crystals were not observed in urines with a pH below 6·25. For the patients in the present study urinary pH was measured in only 29% of cases; an insufficient sample from which to draw statistical conclusions. At the time of sampling, urinary phosphate and pH was not considered as main risk factors for CaOx precipitation. Such measurements should, however, be included in further studies of these patients.
Pure CaP concretions are rare. Probably such stones are formed only within a narrow pH range around 6-7. At the high pH associated with infections, magnesium ammonium phosphate (MAP) is known to precipitate, and stones composed of MAP, CaP and carbonate apatite are formed.
Contrary to earlier findings, I I urate excretion was not a discriminator between patients forming different types of calcium stones. This observation and the fact, that we very seldom find traces of uric acid in renal stones makes uric acid unlikely as a risk factor in the formation of calcium stones.
It has been suggested that citrate plays an important role in CaOx stone disease by its action as an inhibitor of both growth and agglomeration of CaOx crystals." In our study lower concentrations of citrate were found in stone formers than in non-stone formers especially in the CaOx group.
CONCLUSION
Analysis of renal stones should be performed with a technique with a low « O·5 weight per cent) detection limit for phosphate. Stones containing 'pure' calcium oxalate with such a technique indicate primary crystallization of calcium oxalate, and these patients should be treated accordingly. The presence of phosphate in a calcium oxalate stone indicates a more complex aetiology.
